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JP-A No. 2001-137704 
[Claim 1] A process for producing a modified highly 
water-absorbable resin which is characterized in that a 
mixture of a highly water-absorbable resin powder, an 
inorganic substance powder and an inorganic substance sol 
is prepared by drying, 
[0001] 

[Technical Field to which the Invention Belongs] The 
present invention relates to a process for producing a 
modified highly water-absorbable resin. More 
particularly, the present invention relates to a process 
for producing a highly water-absorbable resin which is 
modified by adding an inorganic substance powder and an 
inorganic substance sol, and which is excellent in 
anti-moisture absorption blocking properties, absorption 
properties, particularly rewetting property, achieved in 
formation of absorbent core articles such as disposable 
diapers, .' Accordingly, the present invention relates to 
a technique for producing a chemical product. 
[0002] 

[ Prior Art] As a resin that absorbs large quantity of water , 
i.e., a highly water-absorbable resin, water-absorbable 
resins' such as partially hydrolyzed starch-acrylonitrile 
graft polymers, partially neutralized salts of 
cross-linked polyacrylic acid, . and those 
polyethyleneoxide based, polyacrylonitrile based, and 
polyvinyl alcohol based resins, and the like have been known. 
Powder of these highly water-absorbable resins is useful 
as body fluid absorbents for absorbing body fluids and 
preventing leakage thereof in sanitary goods such as 
menstrual sanitary products, disposable diaper and the like, 
and has been used in applications such as water retention 
agents of soil, seed coating agents, waterproof agents, 
thickening agents, dew condensation preventive agents, 
sludge coagulants, desiccating agents, humidity 
conditioning agents and the like. Among such applications 



of the highly water -absorbable resins, technical field in 
which the highly water-absorbable resin is most often used; 
is the field of sanitary goods such as menstrual sanitary 
products, disposable diapers and the like. Properties 
required for these sanitary goods are having a smooth and 
dry surface after absorption of the body fluid, and absence 
of rewetting of the absorbed body fluid even though a 
pressure is applied. However, conventional highly 
water-absorbable resin powders involved problems such as : 
occurrence of adhesion to a machine through blocking of the 
highly water-absorbable resin powders which absorbed 
moisture; disabling discharge from the hopper and 
continuous and constant amount supply to the machine of the 
highly water-absorbable resin due to the moisture 
absorption blocking, in the step of storing the resin under 
a high humidity or supplying to a machine for manufacturing 
disposable diapers, and the like. As a method for 
improving the moisture absorption blocking properties: a 
method' of mixing the highly water-absorbable resin with 
hydrophobic silica in a fine powdery form having an average 
particle diameter of 0,05 micron or less and a specific 
surface area of 50 m 2 /g or greater (JP-A No. S56-133028) ; 
a method of mixing a powder of hydrated silicon dioxide, 
hydrated aluminum oxide, hydrated titanium oxide* an 
anhydride thereof or the like with the highly 
water-absorbable resin (JP-A No. S59-80459); a method of 
treating the highly water-absorbable resin with a silicone 
based surfactant having an HLB of 7 to 18 (JP-A No. 
H9-136966) , and the like were proposed. However, among the 
methods presented above, the method of mixing with 
hydrophobic silica was disadvantageous in that absorption 
properties, particularly rewetting property, are 
deteriorated upon processing into sanitary goods because 
the surface of the highly water-absorbable resin particles 
is covered by the hydrophobic silica, and that large 
quantity of dust may be generated because fine particulate 



silica is mixed, and the like, although the moisture 
absorption blocking property may be improved. Furthermore, 
the method of mixing with a powder of hydrated silicon 
dioxide, hydrated aluminum oxide, hydrated titanium oxide, 
an anhydride thereof or the like is disadvantageous in: 
insufficient improvement of the moisture absorption 
blocking properties when these inorganic powders are not 
hydrophobic; degraded working environment due to the dust 
resulting from the added inorganic fine powder ; and the like, 
while this method is disadvantageous in similar aspects to 
the aforementioned method of mixing with hydrophobic silica 
when the inorganic powders are hydrophobic. Moreover, the 
method of treating with a silicone based surfactant is 
disadvantageous in that absorption properties, 
particularly rewetting property, are deteriorated upon 
processing into sanitary goods because the surface of the 
highly water -absorbable resin particles is covered by the 
hydrophobic substance. 
[0005] 

[Mode for Carrying Out the Invention] The highly water 
absorbing resin powder used in the present invention is not 
particularly limited as long as it is not substantially 
dissolved in water but absorbs and swells water, and examples 
thereof include e.g., partial cross-linked polymers of a 
polymer compound having a carboxyl group or a salt thereof 
such as polyacrylate cross-linked polymers, poly (vinyl 
alcohol /acrylate) copolymerized cross-linked polymers, 
starch- acrylate graft copolymers (cross-linked polymers) and 
polyvinyl alcohol-poly maleic anhydride graft copolymerized 
cross-linked polymers; and partial cross-linked polymers of 
a polysaccharide such as, carboxymethyl cellulose salt 
cross-linked polymers. Among these highly water absorbing 
resins, a polyacrylate cross-linked polymer or a 
starch-acrylate graft copolymer (cross-linked polymer) is 
preferably used in light of the absorption performance, and 
still more, a polyacrylate cross- linked polymer is most 



preferably used. These highly water absorbing resins in the 
present invention may be used each alone, or two or more thereof 
may be used in combination. In the aforementioned highly 
water absorbing resin, examples of the salt include e.g., 
alkali metal salts, alkaline earth metal salts, ammonium salts 
and the like. Herein, the acid groups in the highly water 
absorbing resin are converted into the salt in percentages 
based on the number of moles of the acid groups of preferably 
0.01 to 100%, more preferably 1 to 99%, and still more 
preferably 40 to 95% . The shape of the powder particle of the 
highly water absorbing resin is not particularly limited as 
long as it is in the form of powdery grain, and may. be any 
shape of particulate, granular, agglomerated, squamous, 
massive, pearly, fine powdery and the like. The particle size 
distribution of the. highly water absorbing resin is also not 
limited,, but the particles having a particle size of usually 
1 to 1000 urn, preferably 10 to 900 ]m, and still more preferably 
50 to 850 ]M are included at a content of 95% by weight or 
more . 

[0009] 

In the present invention, the highly water -absorbable 
resin, the inorganic substance powder and the inorganic 
substance sol are mixed, and thereafter, the mixture is 
dried. The apparatus for drying in this step is not 
particularly limited but common dryer may be used. 
Examples of the apparatus for drying which may be used 
include e.g., thin-model mixing dryers, disk dryers, 
fluidized bed dryers, gas flow dryers, infra-red dryers, 
and the like. Mixing of the mixture of the highly 
water-absorbable resin and the inorganic substance powder 
with the inorganic substance sol, and drying of thus 
resulting mixture may be carried out using the same 
apparatus, or using distinct apparatuses. The drying of 
the mixture is usually carried out in an atmosphere of the 
temperature at 40°C to 250°C, preferably 40°C to 200°C, more 



preferably 80°C to 200°C. 
[0011] 

[Examples] Hereinafter, the present invention will be 
explained in more detail by way of Examples and Comparative 
Examples, but the present invention is not any how limited 
by these Examples. Furthermore, in the following Examples 
and the like, properties of the highly water-absorbable 
resin were determined according to the following method. 

"Water absorption capacity s The highly 
water-absorbable resin in an amount of 0.5 g was uniformly 
put in a bag made of unwoven fabric, and immersed in a 0.9 
wt, % aqueous sodium chloride solution (physiological 
saline solution) . Thirty minutes later, the bag was taken 
out, and subjected to dewatering for 5 min. Thereafter, 
the weight Wi (g) of the bag was measured. Similar 
operation was conducted without using the highly 
water-absorbable resin, and the weight w 0 (g) in this case 
was measured. water absorption capacity is measured 
according to the following formula. 

Water absorption capacity (g/g) - (weight w x (g) - 
weight w 0 (g) } / weight of the highly water-absorbable resin 
[0012] 

* Anti-moisture absorption blocking property": In a 
stainless dish having a diameter of 60 mm is uniformly 
spread 2.0 g of the highly water-absorbable resin, and the 
dish is left to stand at 30°C and at a relative humidity 
of 80% for a predetermined time. After a lapse of the 
predetermined time, the dish was inclined 45 degree, and 
appearance of the highly water-absorbable resin was 
observed. The moisture absorption blocking property was 

evaluated according to four evaluation standards of ®, o, 
A , and *: 

» : the highly water-absorbable resin not adhered on the 



dish; 



0; a part of the highly water- absorbable resin adhered 
on the dish; 

a ; almost highly water-absorbable resin adhered on the 
dish; and 

x: the highly water- absorbable resin entirely adhered 

on the dish. 
[0013] 

"Rewetting property": The highly water-absorbable 
resin in an amount of 10 g and 10 g of wood pulp were mixed 
using a mixer to produce a mixed sheet of 100 mm x 400 mm. 
Thus resulting mixed sheet was wrapped with nonwoven fabric 
on the top face and with a waterproof sheet on the bottom 
face to give, an' absorbent core for evaluation. To the 
absorbent core was added 50 g of a physiological saline 
solution three times at intervals of 15 minutes. Further, 
10 sheets of filter paper were placed on the absorbent core 
30 minutes later, and then a load of 5 g/cm z was applied 
for 15 sec. Accordingly, amount of the physiological 
saline solution transferred from the absorbent core to 
filter paper was determined as rewetting amount (g) . 

[0014] o Example 1 and Comparative Example 1 

• in a glass Petri dish having a diameter of 150 mm were 
charged 95 g of sodium acrylate, 24 g of acrylic acid, 0.05 
g of trimethylolpropane triacrylate, 0.01 g of 
2,2-dimethoxy-l,2-diphenylethane-l-one and 180 g of 
deionized water. Thereto was irradiated with a 
high-pressure mercury lamp to permit polymerization. Thus, 
hydrogel was obtained. This hydrogel polymer was 
subjected to hot-air drying at 150°C, and pulverized to 
adjust the particle diameter so that a highly 
water-absorbable resin (Al) of 105 to 850 um was obtained. 



This highly water-absorbable resin (Al) without subjecting 
to surface crosslinking was designated as a highly 
water-absorbable resin of Comparative Example 1. Results 
of evaluation of its properties are shown in Table 1. The 
highly water-absorbable resin (Al) in an amount of 100 g 
and 0.5 g of silicon dioxide were placed in a mixer, followed 
by stirring to allow for mixing. To thus resulting mixture 
was added by spraying a mixed liquid including 0.5 g of 
colloidal silica (trade name: Snowtex 20, Nissan Chemical 
Industries, Ltd., solid content: 20%), 0.1 g of ethylene 
glycol diglycidyl ether and 1.4 g of deionized water while 
further stirring to mix intimately. The mixture was 
subjected to drying by heating at 120°C for 30 min to obtain 
the modified highly water-absorbable resin of the present 
invention. Results of its evaluation are shown in Table 
1. 

[0015] o Example 2 

The highly water-absorbable resin (Al) in an amount of 
100 g and 0.5 g of silicon dioxide were placed in a mixer, 
followed by stirring to allow for mixing. To thus 
resulting mixture was added by spraying a mixed liquid 
including 1, 0 g of alumina sol (tradename: Alumina sol -2 00, 
Nissan chemical Industries, Ltd., solid content: 10%), 0.1 
g of ethylene glycol diglycidyl ether and 0 .9 g of deionized 
water while further stirring to mix intimately. The 
mixture was subjected to drying by heating at 120°C for 30 
min to obtain the modified highly water-absorbable resin 
of the present invention. Results of its evaluation are 
shown in Table 1 . 

[0018] o Example 5 

The highly water-absorbable resin (Al) in an amount of 
100 g and 0.5 g of silicon dioxide were placed in a mixer, 
followed by stirring to allow for mixing. To thus 
resulting mixture was added by spraying a mixed liquid 



including 0.5 g of colloidal silica (trade name: Snowtex 
C, Nissan Chemical Industries, Ltd., solid content: 20%), 
0.1 g of ethylene glycol diglycidyl ether and 1.4 g of 
deionized water while further stirring to mix intimately. 
The mixture was subjected to drying by heating at 120°C for 
30 min to obtain the modified highly water-absorbable resin 
of the present invention. Results of its evaluation are 
shown in Table 1 . 

[0019] o Example 6 

The highly water-absorbable resin (Al) in an amount of 
100 g and 0.5 g of silicon dioxide were placed in a mixer, 
followed by stirring to allow for mixing. To thus 
resulting mixture was added by spraying a mixed liquid 
including 1.0 g of alumina sol {tradename: Alumina sol-520, 
Nissan chemical Industries, Ltd., solid content: 10%) , 0.1 
g of ethylene glycol diglycidyl ether and 0 . 9 g of deionized 
water while further stirring to mix intimately. The 
mixture was subjected to drying by heating at 120°c for 30 
min to obtain the modified highly water-absorbable resin 
of the present invention. Results of its evaluation are 
shown in Table 1. 
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